Employing new precision data of the equation of state of the SU(3) Yang-Mills theory (gluon plasma) the dilaton potential of the gravity dual is adjusted in the temperature range (1 − 10)T c in a bottom-up approach. The ratio of bulk viscosity to shear viscosity follows then as ζ/η ≈ π∆v 2 s for ∆v 2 s < 0.2 and achieves a maximum value of 0.95 at ∆v 2 s ≈ 0.32, where ∆v 2 s is the non-conformality measure, while the ratio of shear viscosity to entropy density is known as (4π) −1 for the considered special set-up with Hilbert action on the gravity side.
I. INTRODUCTION
With the advent of new precision data [1] , which extend previous lattice QCD gauge theory evaluations [2, 3] for the pure gluon plasma to a larger temperature range, a tempting task is to seek for an appropriate gravity dual. While such an approach does not provide new insights in the pure SU(3) Yang-Mills equation of state above the deconfinement temperature T c , it however allows to calculate, without additional ingredients, further observables, e.g., transport coefficients. (This is in contrast to quasiparticle approaches which require additional input to access transport coeffcients [4] .) In considering gravity duals to pure non-abelian gauge thermo-field theories within a bottom-up approach one has to adjust either the potential of the dilaton field (which is the dual to TrF 2 of the gauge field F according to the AdS/CFT dictionary) [5, 6] or a metric function [7] or the dilaton profile; one may also take the β function as input [8, 9] . The previous benchmark lattice data [2] and further SU(N c ) data for N c ≤ 8 [10] in a narrow temperature range above T c allowed in fact to constrain the dilaton field and to study implications [5] [6] [7] [8] . Here we are going to adjust precisely the dilaton potential to the new lattice data [1] in a somewhat larger temperature range uncovering the strong-coupling regime.
While for N c = 3 one leaves already the grounds of the original AdS/CFT correspondence, the extension towards a larger temperature interval stretches further the range of employing an AdS/QCD duality for application purposes. Having in mind a simple shape function of the dilaton potential, which reproduces the lattice data in a chosen temperature range above T c , one could consider such an approach as a convenient parameterization of the equation of state. Once such a potential is adjusted, it qualifies for further studies, e.g. of transport coefficients, as mentioned above. Our goal is accordingly the quantification of the bulk viscosity in the LHC relevant region, in particular near to T + c . Transport properties of the matter produced in relativistic heavy-ion collisions at RHIC and LHC are important to characterize precisely such novel states of a strongly interacting medium besides the equation of state. The impact of the bulk viscosity on the particle spectra and differential elliptic flows has been recently discussed in [11] and found to be sizeable in [12] , in particular for higher-order collective flow harmonics. The bulk viscosity enters also a new soft-photon emission mechanism [13] via the conformal anomaly, thus offering a solution to the photon-v 2 puzzle (cf. [13] for details and references). Compilations of presently available lattice QCD results of viscosities can be found in [4] .
II. THE SET-UP
The action S =
(∂φ) 2 − V (φ) (the Hawking-Gibbons term is omitted) leads, with the ansatz for the infinitesimal line element squared in Riemann space
to the field equations quoted in [5] under (25a -25c); the equation of motion (25d) follows from the derivative of (25c) with insertion of (25a -25c). Here, the coordinate transformation dz = L exp{B − A}dφ has been employed to go from the Fefferman-Graham (holographic) coordinate z in the infinitesimal
to a gauged radial coordinate expressed by the dilaton field φ which requires the introduction of a length scale L. The metric functions are thus to be understood as A(φ), B(φ) and h(φ), and a prime means in the following the derivative with respect to φ. These equations can be rearranged to change the mixed boundary value problem into an initial value problem. With U ≡ V /(3V ) we get
which is integrated from φ H − to with the initial values Y i = 0 at φ H − . The limit → 0 + has to be taken to obtain the entropy density s and the temperature T
where 
as trial ansatz and optimize the parameters 
IV. VISCOSITIES
Irrespectively of the dilaton potential V (φ), the present set-up with Hilbert action R for the gravity part delivers η/s = (4π) −1 [14] for the shear viscosity η, often denoted as KSS (bound) value [15] . In contrast, the scaled bulk viscosity ζ/T 3 has a pronounced temperature dependence. Following [16] we calculate ζ from the relation
where the asymptotic value p 11 ( ) of the perturbation p 11 of the 11-metric coefficient is obtained by integrating
from φ H − to with initial conditions p 11 (φ H − ) = 1 and p 11 (φ H − ) = 0 and → 0 + (cf.
[17] for a discussion of this calculation scheme vs. the null horizon focusing equation [18] ).
Our results are exhibited in Fig. 2 . The scaled bulk viscosity ζ/T 3 has a maximum slightly above T c at 1.05T c (which is slightly below the maximum of I/T 4 ) and drops rapidly for increasing temperatures, see left panel of Fig. 2 . Remarkable is the almost linear section of ζ/η as a function of the non-conformality measure ∆v 2 s (see right panel), as already pointed out in [19] and further argued in [16] ; for further reasoning on such a linear behavior within holography approaches cf. [20] . A non-linear behavior occurs in a small temperature interval 1 ≤ T /T c < 1.05, i.e. for ∆v It accommodates the Buchel bound [19] and agrees quantitatively with the result of [4] .
There, a quasi-particle approach has been employed which needs, beyond the equationof-state adjustment, further input: In [4] it is the dependence of the relaxation time on the temperature which causes a deviation from the linear relation ζ/η ∝ ∆v 2 s at large temperatures corresponding to small values of ∆v 2 s . Note also the shift of the linear section of ζ/η in [4] by a somewhat larger off-set which can cause a descent violation of the Buchel bound, which is not unexpected with respect to [21] . s is observed, already argued qualitatively in [16] within a holographic approach and in [4] quantitatively within a quasiparticle approach to the pure gauge sector of QCD.
Extensions towards including quark degrees of freedom and subsequently non-zero baryon density, i.e. to address full QCD, have been outlined and explored in [22] . Incorporating additional degrees of freedom (which are aimed at mimicking an equal number of quarks and anti-quarks) within the present set-up, one essentially has to lower G 5 /L 3 in adjusting the extensive and intensive densities. Since the viscosities scale with L 3 /G 5 [16] (as the entropy density does, too) the corresponding ratios ζ/s and ζ/η would stay unchanged, if the same potential would apply and the same behavior of the sound velocity would be used as input. However, as stressed above, ζ/η depends rather sensitively on the actual potential V (φ) and its parameters. Therefore, in contrast to the consistent results of [1] [2] [3] for the SU (3) gluon plasma, the lattice QCD results for the quark-gluon plasma need consolidation before similar adjustments of V (φ) can be attempted on firm grounds.
On the gravity side, inclusion of terms beyond the Hilbert action cause a temperature dependence of the ratio η/s [23] which is needed to furnish the transition into the weakcoupling regime at large temperatures.
In summary we adjust the dilaton potential exclusively at new lattice data for SU (3) gauge theory thermodynamics and calculate the bulk viscosity. The ratio of the bulk to shear viscosity obeys, in the strong-coupling regime, a linear dependence on the non-conformality measure for temperatures above 1.05T c , while at 1.004T c it has a maximum of 0.95.
